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Purpose: To evaluate the relative cost-effectiveness of percutaneous
radiofrequency (RF) ablation versus nephron-sparing sur-
gery (NSS) in patients with small (�4-cm) renal cell carci-
noma (RCC), given a commonly accepted level of societal
willingness to pay.

Materials and
Methods:

A decision-analytic Markov model was developed to esti-
mate life expectancy and lifetime costs for 65-year-old
patients with a small RCC treated with RF ablation or NSS.
The model incorporated RCC presence, treatment effec-
tiveness and costs, and short- and long-term outcomes. An
incremental cost-effectiveness analysis was performed to
identify treatment preference under an assumed $75 000
per quality-adjusted life-year (QALY) societal willingness-
to-pay threshold level, within proposed ranges for guiding
implementation of new health care interventions. The ef-
fect of changes in key parameters on strategy preference
was addressed in sensitivity analysis.

Results: By using base-case assumptions, NSS yielded a minimally
greater average quality-adjusted life expectancy than did
RF ablation (2.5 days) but was more expensive. NSS had
an incremental cost-effectiveness ratio of $1 152 529 per
QALY relative to RF ablation, greatly exceeding $75 000
per QALY. Therefore, RF ablation was considered pre-
ferred and remained so if the annual probability of post–RF
ablation local recurrence was up to 48% higher relative to
that post-NSS. NSS preference required an estimated NSS
cost reduction of $7500 or RF ablation cost increase of
$6229. Results were robust to changes in most model
parameters, but treatment preference was dependent on
the relative probabilities of local recurrence after RF abla-
tion and NSS, the short-term costs of both, and quality of
life after NSS.

Conclusion: RF ablation was preferred over NSS for small RCC treat-
ment at a societal willingness-to-pay threshold level of
$75 000 per QALY. This result was robust to changes in
most model parameters, but somewhat dependent on the
relative probabilities of post–RF ablation and post-NSS
local recurrence, NSS and RF ablation short-term costs,
and post-NSS quality of life, factors which merit further
primary investigation.
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R enal cell carcinoma (RCC) ac-
counts for more than 80% of
kidney cancers, which are pre-

dicted to have resulted in over 12 890
deaths in the United States in 2007
(1–3). A continual rise in RCC inci-
dence is attributed largely to in-
creased detection, with more than
60% of RCCs being discovered inci-
dentally at radiologic imaging (4).

Small (defined as �4 cm) RCCs ac-
count for the majority of increased de-
tection rates and carry a favorable prog-
nosis (5,6). However, despite increased
detection rates and surgical treatment,
RCC mortality has not decreased, sug-
gesting tumor indolence (5). These
trends underscore the need to reassess
RCC treatment paradigms, particularly
the effects of less aggressive manage-
ment on outcomes.

Small RCC treatment has evolved
from radical nephrectomy toward
nephron-sparing surgery (NSS), a shift
driven by lower morbidity and im-
proved long-term renal function and
quality of life (7,8). In recent years, the
feasibility of percutaneous radiofre-
quency (RF) ablation for small RCC has
been established (9–15). RF ablation
confers advantages of a nephron-spar-
ing procedure but is better tolerated
and less expensive than surgery (16).

Microscopic multifocal disease is
often present close to the primary
RCC identified at imaging (17). Be-
cause the treatment zone is more lim-
ited in RF ablation than with NSS, RF
ablation may be associated with a
higher local recurrence rate. This
higher risk may or may not be associ-
ated with a survival difference. When
NSS is compared with radical ne-
phrectomy for small RCC, an analo-
gous comparison, the minimally
higher local recurrence rate after NSS
does not confer decreased survival
(18–20).

Local recurrence rates following RF
ablation have not been shown to exceed
those of NSS for small RCC (9–12,21).
However, long-term follow-up data are
not yet available for RF ablation. There-
fore, RF ablation currently is favored
primarily in subpopulations in which
risks of an increased local recurrence
rate are outweighed by benefits of a per-
cutaneous, localized approach, such as
patients with multiple comorbidities,
reduced life expectancy, or reduced re-
nal reserve (12).

Before RF ablation can be routinely
advocated for small RCC, its risks, ben-
efits, and long-term consequences in a
general population must be carefully
evaluated and compared with NSS. To
perform a definitive comparison, large
randomized clinical trials would be nec-
essary. A large number of patients
would be required to detect small differ-
ences in outcomes, as would a long fol-
low-up period to determine true recur-
rence rates. Such trials would be chal-
lenging and costly; more important, it is
unclear that equipoise between trial
arms could be offered without a more

rigorous evaluation of current published
data.

Decision analysis provides an ideal
initial method with which to assess
treatment paradigms for the manage-
ment of small RCC, enabling efficient
incorporation of the relative risks and
benefits of each strategy considered and
of numerous other factors that influence
long-term outcomes. In this study, RF
ablation and NSS were compared by us-
ing decision-analytic techniques. A Markov
model was developed to estimate life
expectancy and lifetime costs associated
with each intervention for a simulated
cohort of patients with small RCC. Pref-
erence of RF ablation versus NSS was
determined on the basis of a commonly
accepted level of societal willingness to
pay (22–25). The stability of results to
changes in key parameters, including
the probability of local RCC recurrence
after RF ablation, was evaluated in sen-
sitivity analysis.

Materials and Methods

Cost-effectiveness Analysis Overview
Cost-effectiveness analysis is a decision
analysis method that enables assess-
ment of the incremental value of health
care interventions by comparing differ-
ences in cost and quality-adjusted life
expectancy afforded by each interven-
tion. This evidence-based method car-
ries advantages of efficiency and versa-
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Advances in Knowledge

� When percutaneous radiofre-
quency (RF) ablation and
nephron-sparing surgery (NSS)
were compared for patients with
small renal cell carcinoma (RCC)
by using decision-analytic tech-
niques, RF ablation was preferred
from a cost-effectiveness perspec-
tive.

� Long-term outcomes following RF
ablation remain unknown owing
to its recent implementation,
however, the annual probability
of local RCC recurrence following
RF ablation would need to be
more than 48% higher relative to
that of NSS for NSS to be pre-
ferred from a cost-effectiveness
perspective.

Implication for Patient Care

� This analysis establishes the po-
tential for RF ablation as an alter-
native to NSS for small RCC treat-
ment from a cost-effectiveness
perspective, and identifies future
research priorities that will be
most influential to defining the
role of RF ablation in renal tumor
therapy.
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tility and therefore helps assess new
technologies before they transition to
use in standard practice. In this study,
we used cost-effectiveness analysis to
compare RF ablation with NSS for the
treatment of small RCC.

Cost-effectiveness analysis was per-
formed under guidelines issued by the
Panel on Cost-effectiveness in Health
and Medicine (26). The analysis was
performed from a quasi-societal per-
spective; that is, costs of disease man-
agement were included, regardless of
who incurred them. Time costs to the
patient, however, were not included.
Life expectancy and lifetime costs were
calculated for RF ablation and NSS. Life
expectancy was expressed in quality-ad-
justed life-years (QALYs), with use of
health state–specific utilities to weight
quality of life. A utility is an accepted
metric of quality-of-life weighting in
cost-effectiveness analysis that consists
of a fraction value between 0 (equiva-
lent to death) and 1 (equivalent to per-
fect health) (26). Relevant utilities were
elicited from the literature and used to
calculate QALYs (utility � life years �
QALYs) for each health state in our
analysis (27–29). An annual discount
rate of 3% was applied to future costs
and QALYs.

Strategies were compared in an in-
cremental cost-effectiveness analysis
(26). If one was associated with fewer
QALYs and greater costs than the
other, it was considered as dominated
and therefore eliminated. If not, strate-
gies were aligned in order of increasing
QALYs and costs, and an incremental
cost-effectiveness ratio (ICER) was cal-
culated as their difference in cost di-
vided by their difference in QALYs. A
$75 000 per QALY societal willingness-
to-pay threshold level was used to de-
termine strategy preference. If the com-
puted ICER was below $75 000 per
QALY, then the strategy with the higher
life expectancy and cost was considered
preferred from a cost-effectiveness
standpoint. If not, then the strategy
with the lower life expectancy and cost
was considered preferred.

The use of a single willingness-to-
pay threshold level for policy decisions
is not standard practice in the United
States (30–32). ICERs for currently
funded health care interventions differ
widely and are dependent on multiple
factors, including the specific disease
process and populations at risk. The
$75 000 per QALY threshold level was
prospectively chosen within commonly
accepted levels of societal willingness to

pay ($50 000–$100 000 per QALY)
(22–25). This threshold level range is
linked to reported ICERs for hemodialy-
sis, an intervention that is widely con-
sidered a benchmark for societal will-
ingness to pay (22–25). In this study,
use of the $75 000 per QALY threshold
level to evaluate RF ablation and NSS is
not intended for patient-level decisions;
instead, it is provided to generate a gen-
eral economic framework to facilitate
population-level cost-effectiveness eval-
uation.

Decision Tree
A decision-analytic Markov model was
developed to estimate life expectancy
and lifetime costs for 65-year-old men
with unilateral RCCs 4 cm or smaller.
The primary (base-case) analysis incor-
porated specified best available model
input estimates (Tables 1, 2). Stability
of results over changes in model esti-
mates was evaluated in secondary (sen-
sitivity) analysis.

The age of 65 years was used, given
the national median age of RCC diagno-
sis (33). Men were considered in the
base-case analysis because of greater
RCC incidence (33). The cohort was as-
signed as follows: normal contralateral
kidneys and renal function, exophytic or

Table 1

Parameter Estimates for Base-Case Analysis and Sensitivity Analysis

Parameter BCE Sensitivity Analysis Range Source

Patient age (y) 65 45–75 SEER, median age, RCC diagnosis (33)
Patient sex Male Female . . .
Complete ablation achieved 0.5–1 Gervais et al (10), 16/80 tumors �4 cm required

repeat ablation (recategorization of
institutional data)

By 1st RF ablation 0.80
By 2nd RF ablation 1.00

Postsurgical (NSS) local recurrence, yearly probability (pPSLR)* 0.0037 (0.5–1.5) � BCE Manikandan et al (20)
Post–RF ablation local recurrence, yearly probability* pPSLR � 1.1 (1–2) � pPSLR Prospective assumption†

Post-NSS3 metastatic RCC, yearly probability 0.0018 (0.5–1.5) � BCE Manikandan et al (20)
Post–RF ablation3 metastatic RCC, yearly probability 0.0018 (0.5–1.5) � BCE Assumed equivalent to NSS
Local recurrence3 metastatic RCC, yearly probability 0.50 (0.5–1.5) � BCE SEER (38), Itano et al (37)†

Metastatic RCC3 death, yearly probability 0.35 (0.5–1.5) � BCE SEER (38)
Death, unrelated causes U.S. life tables . . . U.S. life tables (39)

Note.—BCE � base-case estimate, pPSLR - yearly probability of postsurgical local recurrence.

* The yearly probability of post–RF ablation local RCC recurrence was modeled to be 10% higher relative to that after NSS. For sensitivity analysis, this value was varied from (1–2) � pPSLR (from
equivalent to double that post-NSS).
† See Model Data and Data Sources (Probability estimates) section for further detail.
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parenchymal tumors easily amenable to
a percutaneous RF ablation approach
(this would include �70% of tumors
[10]), and good operative candidacy.

The model decision tree was con-
structed and analyzed by using software
(TreeAge Pro, 2005; TreeAge Software,
Williamstown, Mass) (Fig 1). We as-
sumed that patients could have no more
than one incomplete RF ablation; fur-
ther ablation requirements were made
on the basis of a report on renal tumor
RF ablation from our institution and re-
categorized for tumors 4 cm or smaller
(10) (Table 1). Specifically, all tumors
were considered completely ablated af-
ter two sessions: 80% (64 of 80 tumors)
required one session only and 20% (16
of 80 tumors) required two sessions.
NSS and RF ablation procedural and op-
erative mortality were not incorporated
as they are reported to have compara-
ble, low rates (8,21). Morbidity was in-
corporated by including short-term RF
ablation and NSS costs, including esti-
mated costs of patients with complica-
tions, and short-term quality of life dec-
rements (discussed below). Patients re-
quiring repeat RF ablation incurred
twice the RF ablation cost and quality-

of-life penalty of patients requiring RF
ablation only once.

Markov Model
Following treatment, the cohorts’ life-
time course was modeled by using a
four-state Markov model with a
1-month-long cycle (Fig 2). We con-
structed this model in keeping with
widely accepted methods for Markov
modeling in medicine (34).

Patients entered the model after ei-
ther NSS or RF ablation, facing proba-
ble development of local RCC recur-
rence or metastatic disease each
month. Patients with local recurrence
were subject to development of meta-
static disease and patients with meta-
static disease were subject to death
(RCC related or not). Patients in all
other states were also subject to non-
RCC mortality.

Model Data and Data Sources
Probability estimates.—Markov health
state transition probabilities are in-
cluded in Table 1. For NSS, the yearly
local recurrence probability (0.37%)
was derived from a meta-analysis by us-
ing an exponential assumption to con-

vert reported mean follow-up time and
recurrence rate estimates to a probabil-
ity (20). Specifically, we used the stan-
dard assumption of an exponential rela-
tionship between an event probability
(p) and hazard rate (r) over a specified
time period (t), which can be expressed
as p � 1�e�rt (35,36). For the base-
case analysis, it was assumed that the
yearly probability of local recurrence
was 10% higher for RF ablation than
for NSS (relative difference). This es-
timate was made under the presump-
tion that RF ablation may have higher
rates of local recurrence in future
long-term follow-up studies. This may
have created bias against RF abla-
tion—to date, no studies compare RF
ablation and NSS directly to show a
significant difference in effectiveness.

The probability of direct progres-
sion to metastatic disease following tu-
mor treatment also was elicited from
the meta-analysis (20) and was assumed
to be the same for both. The probability
of progression from local recurrence to
metastatic RCC was calibrated, given
reported cancer-specific mortality esti-
mates associated with local recurrence
(37) and metastatic RCC (38). Non-

Table 2

Costs and Utilities for Base-Case Analysis and Sensitivity Analysis

Parameter BCE (2006 United States Dollars) Sensitivity Analysis Range Source

Cost, NSS procedure* 30 672 (0.5–1.5) � BCE Shekarriz et al (40)
Cost, RF ablation procedure* 17 589 (0.5–1.5) � BCE Shekarriz et al (40), Lotan and Cadeddu (16)
Initial cost, local recurrence 30 672 (0.5–1.5) � BCE Assumed to be equivalent to NSS*
Cost, yearly, post–RF ablation, Post-NSS,

and after initial treatment for local RCC
recurrence 2087 (0.5–1.5) � BCE Taplin et al (41)

Cost, yearly, metastatic RCC 8192 (0.5–1.5) � BCE Taplin et al (41)
Cost, single surveillance CT (with and

without contrast enhancement) 444 (0.5–1.5) � BCE CPT code 74170
Quality of life (Utility), after NSS 0.7 � age-adjusted value for 1 mo (0.5 � BCE)�1† Gazelle et al (28)
Utility, post–RF ablation 0.95 � age-adjusted value for 1 mo (0.5 � BCE)�1† Gazelle et al (28)
Utility, following initial 1-month post-NSS or

post–RF ablation period age-specific utilities (community-elicited) . . . Fryback et al (27)
Utility, local recurrence 0.67 (0.5 � BCE)�1 Ness et al (29)
Utility, metastatic RCC 0.25 (0.5 � BCE)�1 Ness et al (29)
Discount rate (%)‡ 3 0–5 Weinstein et al (26)

Note.—BCE � base-case estimate.

* See Model Data and Data Sources (Costs and utilities) section for further detail.
† Utilities of 0.7 and 0.95, were varied from 0.35 to 1, and from 0.48 to 1, respectively, in sensitivity analysis.
‡ A discount rate was applied to all future costs and QALYs as per guidelines from reference 26.
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RCC mortality was elicited from United
States life tables (2000) (39).

Costs and utilities.—All cost esti-
mates are included in Table 2. Costs
were converted to 2006 United States
dollars with the use of the medical care
component of the Consumer Price In-
dex. A detailed comparison of RF abla-
tion and NSS costs (including operating/
procedure room time, personnel, and
hospital stay and services) was identi-
fied in Lotan and Cadeddu (16); how-
ever, this study did not include patients
with complications. In a separate study,
a comprehensive estimate of NSS inpa-
tient costs, including patients with and
without postoperative complications,
was reported (40). For our analysis, an-
ticipated RF ablation costs were scaled
to this NSS estimate (40) given the rela-
tive ratio of uncomplicated RF ablation
and NSS costs (16). This yielded an RF
ablation cost estimate that accounted
for patients with and without complica-
tions.

Computed tomographic (CT) sur-
veillance was incorporated at 1-, 3-, and
6-month intervals after RF ablation, and
then yearly for 10 years. For NSS, the
cost of a CT scan in the first postopera-
tive month was included, and then
yearly CT studies were incorporated for
5 years. For years 5–10, CT surveillance
occurred every 20 months. Surveillance
patterns were modeled according to in-
stitutional experience.

Because RCC posttreatment health
state costs and utilities have not been
well studied to date, the costs and utili-
ties for Markov health states were de-
rived by using colon cancer as a proxy
(28,29,41). “Post-Operative, Post-Pro-
cedure” and “Metastatic RCC” health
state costs were derived from compara-
ble states reported for colon cancer
(41). When entering the “Local RCC
Recurrence” health state, patients in-
curred a one-time treatment cost equiv-
alent to that of NSS (40); subsequent
costs were the same as the “Post-Proce-
dure, Post-Operative” state (41).

All utility estimates are included in
Table 2. Post–RF ablation and post-NSS
utilities were scaled to reflect underly-
ing age-specific quality of life (27). Age-
specific utility values were elicited from

a widely accepted, large community-
based study and were specific to sex and
ranged from 0.80 to 0.84 for our study
population (27). Utilities in the first
month following RF ablation and NSS
were further scaled to incorporate ex-
pected short-term compromises in qual-
ity of life. These adjustments were made
based on short-term post–RF ablation
(0.95) and postsurgical (0.7) utilities re-
ported for modeling RF ablation and
surgical treatments of colorectal cancer
metastases in the liver (28). For exam-
ple, a 65-year-old man with an age-spe-
cific utility of 0.84 who underwent RF
ablation would have a utility of 0.80
(0.84 � 0.95) for the 1 month following

RF ablation. “Local RCC Recurrence”
and “Metastatic RCC” utilities were de-
termined on the basis of comparable
health states for colon cancer (0.67 and
0.25, respectively [29]) (Table 2).

Sensitivity Analysis
Sensitivity analysis was performed to
evaluate the effect of model assumptions
and parameters on results; sensitivity
ranges for each parameter tested are in-
cluded in Tables 1 and Tables 2. Of note,
the probability of local recurrence after
RF ablation was varied to determine the
threshold level below which RF ablation
would be preferred over NSS, given a so-
cietal willingness to pay of $75 000 per

Figure 1

Figure 1: Decision tree for treatment of small (�4-cm) unilateral RCC with NSS versus RF ablation. Thera-
peutic strategies are shown after decision node (to right of �). Probabilistic outcome is shown after chance
node (to right of E). Terminal nodes (M ) signify that Markov model informed by therapeutic effectiveness
defines ensuing pathway. We assumed that 80% of tumors could be successfully ablated in one session, and
that 20% of tumors would require two sessions; all tumors were considered completely ablated following two
sessions. These estimates were made on basis of report of renal tumor RF ablation from our institution (10),
recategorized for 4-cm or smaller RCCs.

Figure 2

Figure 2: Markov model simulates outcomes for 65-year-old cohort following RCC treatment with NSS or
RF ablation. Simulated cohort enters “Post-Operative” (post-NSS) or “Post-Procedure” (post–RF ablation)
health state. During each 1-month cycle, part of cohort transits to states of “Local RCC Recurrence,” “Meta-
static RCC,” and “Death” based on constant transition probabilities (Table 1), until all patients die of RCC or
non-RCC causes. Cumulative incurred time and expenses in each health state can be summed, enabling cal-
culation of strategy-specific life expectancy and lifetime costs.
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QALY. Sensitivity analysis included a
comparison of costs and quality-adjusted
life expectancies associated with RF abla-
tion and NSS when the need for repeat
RF ablation was decreased to 0%. Results
were considered stable to parameter
changes if the preferred strategy re-
mained constant across the range consid-
ered. If the preferred strategy changed or

became dominated, results were consid-
ered sensitive to that parameter.

Model Validation
To assess the validity of the four-state
Markov model, a separate Markov
model was constructed with the use of
independent data (6), and postsurgical
life expectancy estimates from the two

models were compared. Specifically, a
96.5% 5-year survival probability for
RCC tumors 4 cm or smaller reported in
one of the largest studies of RCC out-
comes, Frank et al (6), was converted to
a yearly hazard rate by using the previ-
ously described assumption of an expo-
nential relationship between an event
probability and hazard rate over a spec-
ified time (t) (35,36). This rate was ap-
plied to yearly age-dependent all-cause
mortality rates for a 65-year-old male
cohort to develop a model that yielded a
comparison life expectancy estimate.

Results

Cost-effectiveness Analysis Results
Base-case analysis results are summa-
rized in Table 3. The NSS strategy
yielded a minimally greater life expect-
ancy (2.5 days), with greater lifetime
costs than RF ablation. The ICER of NSS
relative to RF ablation ($1 152 529 per
QALY) far exceeded assumed societal
willingness to pay ($75 000 per QALY).

Sensitivity Analysis Results
Below an annual post–RF ablation local
recurrence probability of 0.0055
(0.55%), RF ablation was preferred
over NSS at the $75 000 per QALY
threshold level (Fig 3). This probability
was 48% higher relative to that associ-
ated with NSS (0.0037 [0.37%]) (20).
RF ablation strongly dominated NSS be-
low an annual post–RF ablation local
recurrence probability of 0.0040
(0.4%), affording a greater quality-
adjusted life expectancy at a lower cost
(Fig 3).

RF ablation was preferred for men
and women across the age range consid-
ered (45–75 years) (Fig 4). For men 70
years and older and women 73 years
and older, RF ablation was less expen-
sive and afforded greater quality-ad-
justed life expectancy, and therefore
dominated NSS. These effects were
driven by decreased life expectancy
with increasing age, resulting in
(a) fewer years of (higher) post–RF ab-
lation surveillance costs and (b) in-
creased effect of a lower quality of life
immediately after surgery. For each age

Figure 3

Figure 3: ICER of NSS relative to RF ablation versus yearly probability of local RCC recurrence after RF
ablation. Given $75 000 per QALY willingness-to-pay threshold level, RF ablation was preferred at base-case
estimate (probability � 0.0041 [10% higher relative to NSS]), and for probabilities less than 0.0055 (48%
higher relative to NSS). For probabilities less than 0.0040 (7.1% higher relative to NSS), RF ablation domi-
nated NSS and was associated with greater QALYs and lower expense as compared with NSS. For probabili-
ties of 0.0055 or higher, NSS was preferred. Probability range shown corresponds to that tested in sensitivity
analysis (Table 1).

Table 3

Base-Case Results for Cost-Effectiveness Analysis: NSS versus RF Ablation

Strategy QALY Lifetime Cost ($)
QALY
Difference

Cost
Difference

Difference in Cost/
Difference in QALY

RF ablation 9.682 51 952
NSS 9.689 59 941 0.007 $7989 $1 152 529

Note.—A discount rate was applied to all future costs and QALYs, as per guidelines from reference 26.
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considered, the ICER of NSS relative to
RF ablation for men exceeded that for
women, an effect driven by greater life
expectancy in women.

Results were sensitive to short-term
RF ablation and NSS costs, and to post-
NSS utilities. RF ablation was consid-
ered preferred, for RF ablation costs of
less than $23 818, at the $75 000 per
QALY willingness-to-pay threshold level
(Fig 5). For higher RF ablation costs,
NSS was preferred; for RF ablation
costs of more than $24 251, NSS domi-
nated RF ablation. RF ablation was pre-
ferred if NSS costs were more than
$23 172. For lower NSS costs, NSS was
preferred. If NSS costs were less than
$22 650, NSS dominated RF ablation.
To summarize, for NSS to be preferred
over RF ablation, an estimated NSS cost
reduction of $7500 or RF ablation cost
increase of $6229 was necessary (rela-
tive to NSS and RF ablation base-case
cost estimates).

RF ablation was preferred for the
range of 1-month post-NSS utilities con-
sidered. If the 1-month post-NSS utility
factor was less than 0.60 (not age ad-

justed), then RF ablation dominated
NSS. Results were stable to changes in
short-term post–RF ablation utilities
across the range considered.

Results were stable to changes in
the percentage of patients who under-
went complete tumor ablation (by using
imaging criteria) in one RF ablation at-
tempt, across the sensitivity range con-
sidered. When the need for repeat RF
ablation was reduced from 20% (base-
case estimate) to 0%, the ICER of NSS
compared with RF ablation increased to
$1 699 235 per QALY, increasing the
favorability of RF ablation. With a first-
attempt RF ablation success rate of
100%, lifetime costs for the RF ablation
strategy decreased from $51 952 to
$48 401, driving the further increase in
the ICER of NSS as compared with RF
ablation. The difference in quality-ad-
justed life expectancy between RF abla-
tion and NSS remained nearly identical
(decreasing by �1 day).

Results also were stable to changes
in the following parameters: costs and
utilities for all long-term (Markov)
health states, probabilities of develop-

ing metastatic disease from the “Post-
Operative/Post-Procedure” or “Local
RCC Recurrence” states, the probability
of RCC-related death with metastatic
disease, and CT costs.

Model Validation
A life expectancy of 15.34 years after
NSS was calculated with the four-state
Markov model used in this study (with-
out discounting or quality adjustment).
A life expectancy of 15.13 years follow-
ing RCC surgery was calculated by using
the Markov model generated from a val-
idation source (6). This difference was
2.6 months (estimates were within
1.4% of each other) (6). For the pur-
pose of this study, this difference was
considered adequate for validation of
the four-state Markov model.

Discussion

With improvements in both the ability
to predict tumor behavior and the range
of treatment options available, there is
an unparalleled need to readdress can-
cer treatment paradigms to better

Figure 4

Figure 4: ICER of NSS relative to RF ablation versus age. RF ablation was considered preferred for men and women aged 45–75 years. For men aged 45– 69 years and
women aged 45–72 years, ICERs of NSS relative to RF ablation exceeded $75 000 per QALY willingness-to-pay threshold level. For men aged 70 years and older and
women aged 73 years and older, RF ablation afforded higher quality-adjusted life expectancy at lower cost, and therefore dominated NSS.
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match tumor biologic parameters and
treatment aggressiveness. For small
RCC, often an indolent tumor (5), RF
ablation represents a better tolerated,
less expensive alternative to NSS (12,16,
21). The primary limitation of RF abla-
tion is that long-term outcomes are un-
known, including RCC local recurrence
rates and long-term survival (12,21). In
this study, the best available estimates
for RCC outcomes and costs were inte-
grated to compare RF ablation and NSS
from a cost-effectiveness standpoint.

For 65-year-old men with small
RCC, RF ablation was preferred over
NSS at a societal willingness-to-pay
threshold level of $75 000 per QALY;
the ICER of NSS relative to RF ablation,
$1 152 529 per QALY, far exceeded the
$75 000 per QALY threshold level. The
preference of RF ablation to NSS over
the majority of the assumptions and
populations considered was driven by
the combination of a large lifetime cost
discrepancy between the two strategies
($7989) and a relatively minimal differ-
ence in quality-adjusted life expectancy

(2.5 days). When considering these re-
sults, it is important to note that these
differences are averaged over a popula-
tion. In reality, some patients would
have no benefit or reduced benefit from
the choice of NSS over RF ablation, and
others would have a quality-adjusted life
expectancy benefit that is higher than
2–3 days.

Life expectancy following RF abla-
tion was calculated with the initial as-
sumption that the annual probability of
local recurrence following RF ablation
was 10% higher than that of NSS (rela-
tive difference). This assumption may
have created bias against RF abla-
tion—to date, no studies have directly
compared RF ablation and NSS to dem-
onstrate a difference in long-term effec-
tiveness. In sensitivity analysis, RF abla-
tion remained the preferred treatment
if the annual post–RF ablation local re-
currence probability was up to 48%
higher relative to that after NSS. If the
post–RF ablation local recurrence prob-
ability was within 7% of that after
NSS, then RF ablation was both less

expensive and yielded higher quality-
adjusted life expectancy—the decrease
in life expectancy conferred by a mini-
mally higher post–RF ablation recur-
rence probability was outweighed by su-
perior short-term quality of life after RF
ablation.

A few key circumstances could
change the relative preference of RF ab-
lation over NSS from a cost-effective-
ness standpoint. First, future long-term
follow-up studies could find RF ablation
to be substantially less effective than
NSS. Given current literature, this is
unlikely for small, peripheral RCC, a
tumor subset easily amenable to RF ab-
lation (10,12,21). Furthermore, as a
newly developed procedure, methods of
improving RF ablation effectiveness are
continually evolving. For example, con-
current tumor RF ablation and subselec-
tive renal arterial embolization may im-
prove future effectiveness in selected
settings; however, further research to
better define potential additive effects
of RF ablation and arterial embolization
is necessary (42,43).

Second, future RF ablation and NSS
costs could converge. In this analysis,
results were sensitive to short-term RF
ablation and NSS costs, and therefore to
the relative difference in NSS and RF
ablation costs. A dedicated cost analysis
that incorporates both NSS and RF ab-
lation immediate costs and their associ-
ated complications has not been re-
ported to date and will be essential for
further related cost-effectiveness re-
search. However, as further RF ablation
experience is gained, costs will likely
decrease, owing to expected decreased
equipment costs and reduced hospital
stays. As such, convergence of RF abla-
tion and NSS costs is unlikely.

Third, future reports of RF ablation
complications may be greater than pre-
dicted, which would influence both RF
ablation costs and effectiveness. This
possibility is not supported by relevant
literature to date (7,21,44). A multi-
institutional review of NSS reported a
complication rate of 13.7% (155 of 1129
cases) (7,21). A separate multi-institu-
tional review of RF ablation reported a
complication rate of 8.3% (11 of 132
cases) (21,44). To date, patients who

Figure 5

Figure 5: ICER of NSS relative to RF ablation versus estimated RF ablation costs. RF ablation is considered
preferred at both base-case estimate of RF ablation cost ($17 589) and for estimated RF ablation cost
(�$23 818). For RF ablation costs $23 818 or higher, NSS is preferred at $75 000 per QALY willingness-to-
pay threshold level; for RF ablation costs of more than $24 251, NSS dominates RF ablation. Probability range
shown corresponds to that tested in sensitivity analysis (Table 2). Estimated RF ablation costs are in constant
2006 dollars.
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have undergone RF ablation have car-
ried higher morbidity than have typical
patients with small RCC, because poor
operative candidacy has remained a ma-
jor determinant of RF ablation referral.
It is more likely that for a typical popu-
lation of patients with small RCC, the
complication rate will be even lower.

The primary limitation of this study
relates to the requisite use of simplifica-
tions to reduce the complexity of human
disease into a biologically and clinically
plausible model. This limitation has
been addressed in two ways: (a) inclu-
sion of the most relevant patient and
cohort characteristics, health states,
and outcomes; and (b) evaluation of un-
certainty inherent in model inputs and
assumptions through sensitivity analy-
sis.

Results were robust to substantial vari-
ability in the majority of model parameters,
including long-term health state costs and
utilities, and estimates extrapolated from
the colon cancer literature (29,41). Results
were sensitive to the relative probabilities
of post–RF ablation and post-NSS local re-
currence, and to short-term RF ablation
and NSS costs and post-NSS quality of life.
By extrapolation, results may be consid-
ered sensitive to relative differences in
short-term RF ablation and NSS costs and
quality of life. To date, one study has shown
RF ablation to have favorable postproce-
dural quality of life compared with surgery,
although patient utilities, a key metric for
cost-effectiveness analysis, were not elic-
ited (45). Further primary investigation
should target these parameters that are
most influential to long-term cost-effective-
ness outcomes.

This study focused on percutaneous
RF ablation and open NSS. Laparo-
scopic NSS, used increasingly for small
RCC in some centers, was not specifi-
cally evaluated because fewer long-term
follow-up data are available (46,47).
Lotan and Cadeddu (16) reported the
cost of laparoscopic NSS to be only $754
less than that of open NSS. Assuming
that the long-term effectiveness of
laparoscopic and open NSS are simi-
lar, ICERs of laparoscopic NSS relative
to RF ablation would similarly greatly
exceed the $75 000 per QALY willing-
ness-to-pay threshold level. Other

promising ablative therapies for which
further experience is needed, such as
cryoablation and high-intensity focused
ultrasonography, are likely to have cost
and effectiveness profiles similar to
those of RF ablation, although insuffi-
cient data were available for their full
evaluation in this analysis (48,49).

This study represents one of the
first analyses of RCC treatment out-
comes from decision-analytic and cost-
effectiveness perspectives. Ideally, cost-
effectiveness analysis should precede
diffusion of a new technology such as RF
ablation to routine care settings. This
practice serves to (a) determine whether a
new technology is likely to result in fa-
vorable and affordable health outcomes
relative to existing care paradigms and
(b) identify efficacy and cost factors
most critical to its future viability.

The results of this study support the
future viability of RF ablation for small
RCC from a cost-effectiveness perspec-
tive. Further model refinements are
necessary prior to use of our analysis
for policy-level decision-making. Pri-
mary data collection is necessary to in-
form long-term RF ablation effective-
ness, and relevant short-term cost and
quality of life parameters identified to
be most critical to model results. RCC
diagnostic uncertainty must be incorpo-
rated, including risks of false-positive
and false-negative pre-RF ablation bi-
opsy results. Nonetheless, our analysis
establishes the potential for RF ablation
as a routine alternative to NSS for small
RCC from a cost-effectiveness perspec-
tive, and identifies future research pri-
orities that will be most influential to
defining its role in routine renal tumor
therapy.
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